The ovaries are susceptible to damage following treatment with gonadotoxic chemotherapy, pelvic radiotherapy, and/or ovarian surgery. Gonadotoxic treatments have also been used in patients with various nonmalignant systemic diseases. Any women of reproductive age with a sufficiently high risk of developing future ovarian failure due to those medical interventions may benefit from embryo cryopreservation though the tools of assessment of such a risk are still not very precise. Furthermore, the risk assessment can be influenced by many other factors such as the delay expected after chemotherapy and the number of children desired in the future. Embryo cryopreservation is an established and most successful method of fertility preservation when there is sufficient time available to perform ovarian stimulation. This publication will review the current state, approach, and indications of embryo cryopreservation for fertility preservation. (Fertil Steril Ò 2013;99: 1496-502.
I n the U.S., the estimated number of new cases of invasive cancer expected among women in the year 2012 is 790,740 (1) . Early detection and improvements in screening have increased the number of premenopausal women diagnosed with cancer. As a result, it is estimated that a malignancy will be diagnosed in one among 46 females under the age of 40 years. Based on the cancer diagnosis, we have estimated that approximately half of these females will receive a form of gonadotoxic treatment hence approximately 1% of females with reproductive potential are at risk. With recent advances in cancer therapy, many of these patients will be cured by combination treatment with chemotherapy, radiotherapy, and/or surgery (2) . In fact, during the most recent 5 years for which there are data (2004) (2005) (2006) (2007) (2008) , cancer death rates in women decreased by more than 1.6 % per year (1) . However, these treatments have also long-term sequelae and patients must be informed of the possible risks of developing premature ovarian failure and infertility.
As the existing literature based on surveys (3) as well as qualitative and exploratory studies have revealed, fertility is a clear issue for cancer patients (4) . Fertility preservation education is not only needed for those involved in reproductive health. Despite the fact that affected patients and their families are interested in information about fertility issues, only a few receive information prior to treatment for different reasons ( Fig. 1) (5) . Therefore, it is important for cancer care professionals to be familiar with the current techniques for fertility preservation in women with cancer.
Fertility preservation is not limited to cancer patients. Similar to cancer, there are some non-oncological systemic diseases which are treated with chemotherapy or radiotherapy, such as autoimmune and hematological conditions (6) . In addition, there are other interventions that may impair fertility, such as recurrent ovarian surgery for benign disease or prophylactic oophorectomy in women with BRCA mutations. Therefore, fertility preservation is also commonly utilized in non-cancer conditions, increasing the number of females who benefit from this discipline even further.
The available fertility preservation methods range from established techniques such as embryo and oocyte cryopreservation to experimental techniques such as ovarian tissue cryopreservation ( Fig. 2) (7, 8, 66) . This publication will review the current state, approach, and indications of embryo freezing for fertility preservation.
EMBRYO CRYOPRESERVATION FOR FERTILITY PRESERVATION
Embryo cryopreservation is an established technique that has been proven to be safe and effective in couples undergoing in vitro fertilization (IVF) treatment. Since the introduction of this technique in assisted reproductive technology (ART) (9) , it became apparent that it also held a potential for fertility preservation purposes (10, 11) . The first case of embryo cryopreservation for fertility preservation took place in 1996, with the application of a natural IVF cycle prior to chemotherapy in a woman diagnosed with breast cancer (12) . Since then, embryo cryopreservation has become the most established technique for fertility preservation.
The procedure can be offered to women in reproductive age with available partner or for women using donor semen. Standard protocols for ovarian stimulation and oocyte retrieval usually requires 2 to 6 weeks of time commitment, depending on where in the menstrual cycle the patient presents.
Special considerations should be given to ovarian stimulation for fertility preservation patients. Ovarian stimulation protocols using gonadotropin-releasing hormone (GnRH) antagonists should be preferred, as they are associated with a lower risk of ovarian hyperstimulation syndrome (OHSS) (13) . The risk of OHSS can further be decreased by triggering final oocyte maturation by GnRH agonists (14, 15) and in our center, this is the routine approach we take for cancer patients. Furthermore, to our experience, the use of GnRH agonists can also speed the interval from oocyte retrieval to next menses as well as reducing the likelihood and extent of residual ovarian cyst formation. This in turn improves the chances of multiple back-to-back cycles before initiating cancer treatment (16) . In many instances there may not be sufficient time to wait for the menses to begin before initiating ovarian stimulation and random start protocols can be used with good results (17, 18) . Patients with hormone sensitive tumors can also benefit from specific protocols that reduce estrogen exposure (16, (19) (20) (21) .
Alternatively, immature oocytes can be harvested in an unstimulated cycle and fertilized following in vitro maturation (IVM) though the effectiveness of this approach in comparison to embryo freezing with mature oocytes remains to be determined. On the other hand, since a fraction of oocytes retrieved during IVF are immature and typically discarded, these germinal vesicle oocytes can be subjected to IVM to increase the oocyte and embryo yield in fertility preservation cycles (22) .
SUCCESS RATES
As an established technique embryo, cryopreservation has reliable success rates. Even though pregnancy rates with ''Pyramid'' of fertility preservation. Medical interventions including chemotherapy, radiotherapy, and surgery act as insults to ovarian reserve and may result in premature ovarian failure and infertility. However, of all the patients at risk for premature ovarian failure, only a fraction will be referred to fertility preservation consultation (FPC) (5) . Of those even a smaller fraction will be undergoing fertility preservation due to social, economic, or technical hurdles. Of all techniques offered, embryo cryopreservation is most commonly used, followed by oocyte cryopreservation, ovarian tissue freezing, and other methods, in that order. 
FIGURE 2
A simplified scheme for fertility preservation options. In pre-pubertal girls, ovarian cryopreservation may be the only practical option. In post-pubertal females, a wider range of options is available with embryo cryopreservation being the most established method for patients with a male partner or who wish to use donor sperm. Oocyte cryopreservation, now considered an established method of fertility preservation by the American Society for Reproductive Medicine (7), is an option for older post-pubertal female children and single women. In cases where there is insufficient time for ovarian stimulation, ovarian cryopreservation as well as immature oocyte retrieval for in vitro maturation (followed by oocyte or embryo cryopreservation) may also be considered. In vitro growth (IVG) of isolated immature follicles is a theoretical option that may offer advantages in the future for females who have undergone ovarian freezing when there is a risk of ovarian involvement with cancer. The simplest approach to fertility preservation could have been a pharmacological intervention; however there is no proven hormonal treatment to preserve fertility. In the future, with the discovery of the mechanisms responsible for the chemotherapyinduced damage to the primordial follicles (8, 66) , targeted pharmacological methods may be developed. frozen embryos appear to be lower than with fresh embryos in infertility patients, this is likely to be an embryo selection bias due to better embryos being utilized during the fresh attempt. When embryos are frozen such as in the case of ovarian hyperstimulation (23) as well as to our experience in fertility preservation (11) , the pregnancy outcomes appear to be similar. In fact there is a recent meta-analysis that suggests that the frozen embryo transfer success rates are higher than with fresh embryo transfer. The latter is attributed to improved embryo-endometrium synchrony (24) . Furthermore, despite the advent in oocyte cryopreservation success rates, overall, embryo cryopreservation still appears to offer higher success rates though this difference may be negligible in very young patients (25) (26) (27) (28) . Given the larger published evidence regarding outcomes, when feasible, embryo cryopreservation in general is offered as the primary method of fertility preservation. However some couples may still elect oocyte cryopreservation because of ethical, religious or practical reasons (such as possibility of future separation, see below) over embryo freezing.
LEGAL ASPECTS
When using fertility preservation procedures, a specialized informed consent is essential. Couples, or when using donor sperm the patient, have the right to know their options concerning fertility preservation and the risks and costs involved in each procedure. A controversial legal aspect is the use of embryos after patient's death, also termed posthumous reproduction. There are wide legal differences internationally concerning this subject, ranging from complete prohibition in some countries to permissive rules in others, often intersecting with religious belief. It should be documented whether the remaining partner is entitled to use the embryos for his/her own reproductive wishes or whether they are to be donated to a third party and used for research or discarded (29) . Furthermore, a proportion of couples may be separated. In such a case, neither partner will have full rights over the embryos, and will need to reach a legal agreement prior a decision regarding the utility or disposition of embryos. Given that making such decisions can be particularly difficult for the patient who has been recently diagnosed with a life-threatening disease and is facing a demanding treatment period, they should be given the appropriate counseling using a multidisciplinary approach involving a psychologist and possibly a legal advisor (30) .
WHO ARE THE CANDIDATES FOR EMBRYO FREEZING?
Gonadotoxic chemotherapy, radiotherapy, and/or ovarian surgery have been used to treat not only patients with malignant conditions, but also those with various nonmalignant systemic diseases. Any women in reproductive age with a sufficiently high risk of developing future ovarian failure may benefit from embryo cryopreservation though the tools of assessment of such a risk are still not very precise. Furthermore, the risk assessment can be influenced by many other factors such as the delay expected after chemotherapy and the number of children desired in the future. Embryo cryopreservation may be indicated in women with curable cancer where conception has to be postponed until the resolution of the primary disease and in women with nononcological conditions where reproductive function is threatened.
Breast Cancer
Breast cancer is the most frequent cancer diagnosed in women of reproductive age. In 2012, an estimated 230,000 new cases of invasive breast cancer are expected to be diagnosed in American women, whose lifetime risk of developing the disease is one in eight (1). Fortunately, breast cancer lends itself to early diagnosis and treatment when appropriate screening procedures are followed. However, breast cancer in young women presents with a high prevalence of ductal infiltration and most of those patients are likely to undergo adjuvant systemic chemotherapy with recognized gonadotoxic effects (31) .
Embryo cryopreservation is an attractive strategy for fertility preservation in breast cancer patients who have a partner or who are willing to use donor semen. The process of embryo cryopreservation requires ovarian stimulation, oocyte retrieval, and IVF, which typically requires a delay of 2 to 6 weeks. Because women with breast cancer generally have a window of approximately 6 to 8 weeks between surgery and the initiation of adjuvant chemotherapy, it is feasible to undergo controlled ovarian hyperstimulation (32, 33) .
Since the elevation of estradiol levels is undesirable in women diagnosed with breast cancer, those patients have been historically excluded from conventional ovarian stimulation and IVF. As a result, breast cancer patients were usually offered natural-cycle IVF, which resulted in a single embryo in approximately 60% of the preservation cycles (34) . As the rise in estradiol is directly proportional to number of follicles recruited to grow, alternative and potentially safer protocols have been developed for fertility preservation in breast cancer patients including stimulation protocols with tamoxifen or aromatase inhibitors, alone or combined with gonadotropins, to reduce the estrogen production (16, 35) . This topic has recently been reviewed in this Journal (16) . Stimulation protocols using letrozole combined with gonadotropins are currently preferred over tamoxifen protocols, as treatment with letrozole has shown to be more effective and it is associated to a higher number of oocytes obtained and fertilized when compared to tamoxifen protocols (20) . Furthermore, studies suggest that in the short term, aromatase inhibitor letrozole plus gonadotropin protocol is safe and effective for ovarian stimulation in fertility preservation cycles (36) .
Endometrial Cancer
Endometrial cancer is another estrogen-sensitive malignancy, which can be encountered in reproductive age women. The accepted treatment of endometrial cancer in young women requires total abdominal hysterectomy and bilateral salpingoophorectomy. However, many of these patients have not initiated or completed childbearing and progestin treatment has been used to preserve fertility in women with stage 1, grade 1-2 endometrial carcinoma (37). Because some patients will not qualify for conservative management or will not respond to progestin treatment and will require surgical treatment, fertility preservation by embryo cryopreservation raises as a possibility before surgery. In earlier studies where assisted reproductive technologies were used in cases with existing endometrial cancer, typically a highdose progestin treatment was performed prior to attempting IVF with conventional stimulation protocols. Those stimulation regimens generally expose patients to high estrogen levels, and no attempt was made to protect the endometrium against the effects of estrogen. As the elevation of estradiol levels is undesirable, the use of aromatase inhibitors has been developed for ovarian stimulation in patients with endometrial cancer (38) . Because tamoxifen is stimulatory on the endometrium, it cannot be used in endometrial cancer for ovarian stimulation.
Hematologic Cancers
Because hematological cancers, particularly Hodgkin lymphoma and acute lymphoblastic leukemia tend to occur in a younger population, a large proportion of patients will be candidates for fertility preservation. Each hematological malignancy has a unique constellation of fertility considerations that relates to the disease itself, the gonadotoxic potential of common treatment protocols, and the age of the patient population (39) . One serious complication is that urgent cancer treatment may not allow for a delay to perform ovarian stimulation. Therefore, patients due to undergo immediate cancer treatment are not candidates for embryo or oocyte cryopreservation and should, instead, be offered alternative methods of fertility preservation. Furthermore, if these patients are exposed to any class of chemotherapy agents prior to ovarian stimulation, there are concerns that these oocytes are DNA damaged and may not be ideal for IVF (8) .
Fertility Preservation in Lymphoma Patients
Both Hodgkin (HL) and nonHodgkin lymphomas (NHL) are rare cancers with an incidence of 2 to 3 per 100,000 for HD and 7 to 12 per 100,000 for NHL (40) . The overall 5-year survival rates are 85 % for HD and 50% to 60 % for NHL (40) . Chemotherapy induced gonadal dysfunction depends on the age at first treatment and the treatment protocols. The younger the patient, the lower the risk of acute premature ovarian failure (POF). However, because gonadotoxic treatment will reduce ovarian reserve, most will experience early menopause when followed for sufficient amount of time (41) .
There are several chemotherapeutic regimens for HL that includes adriamycin, bleomycin, vinblastine, and dacarbazine (ABVD) and regimens containing alkylating agents (bleomycin, etoposide, adriamycin, cyclophosphamide, vincristine, prednisone, procarbazine [BEACOPP]; mechlorethamine, vincristine, procarbazine, prednisone [MOPP]; and cyclophosphamide, doxorubicin, vincristine, prednisone
[CHOP]). Treatment protocols like ABVD, without alkylating agents, very rarely result in premature ovarian failure (POF) (42) (43) (44) (45) and may not necessarily require fertility preservation. Treatments following protocols that contain alkylating agents, especially procarbazine and cyclophosphamide in cumulative doses, induce POF more often, varying from 20% to 85% depending on the protocol (46) . In some cases, hematopoietic stem cell transplantation (HSCT) may be required, associated with high risk of POF, especially if treated as adults.
Most treatment regimens for NHL include alkylating agents. CHOP acutely induces POF in approximately 5% of women with a mean age of 28 AE 7 years and pregnancy rates after treatment are 50% (47) . Hyper-cyclophosphamide, vincristine, doxorubicin, dexamethasone, cytarabine, and methotrexate (CVAD) induces POF in approximately 14% of women with a mean age of 25 years and pregnancy rates after treatment are 43% (48) . Again, all of those exposed to gonadotoxic agents will experience reduction in the reproductive life span. As in HL, HSCT may be required in some cases, associated with high risk of POF.
While some women may be receiving less gonadotoxic treatments for the initial treatment, treatment failures and recurrences may necessitate more toxic treatments at which time performing ovarian stimulation may not be practical due to recent exposure to chemotherapy and/or lack of sufficient time. As refractory diseases and relapse cannot be predicted, to our opinion, embryo cryopreservation and other fertility preservation options should be discussed with all reproductive-age patients diagnosed with either HL or NHL.
Fertility Preservation in Leukemia Patients
The rate of treatment-induced infertility in leukemia patients depends upon whether HSCT is required (49) . The risk of infertility in patients with acute lymphocytic leukemia (ALL) (50) or acute myeloid leukemia (AML), unless treated with HSCT, is very low as contemporary treatment protocols entail either lower doses of alkylating agents or are devoid of alkylating agents. However, as discussed before, refractory diseases and relapse cannot be predicted and fertility preservation procedures, including embryo cryopreservation, should be discussed. Unlike in male leukemia, there is no evidence of pre-treatment fertility impairment (51).
Hematopoietic Stem Cell Transplantation
Hematopoietic stem cell transplantation has been critical in the treatment of numerous malignant and non-malignant systemic diseases. The risk of developing infertility is greatly influenced by the high gonadotoxicity of the preconditioning regimens that are used to ablate the pre-existing bone marrow (52) . Preconditioning regimens utilize multiple alkylating agents, with or without total body irradiation (TBI), which are highly gonadotoxic (53) (54) (55) . Overall pregnancy rates after HSCT remain low, ranging from 0.6 to 11 % (52, 53, 55, 56) . Furthermore, women undergoing TBI have higher rates of preterm deliveries, cesarean sections and low birth-weight babies (53, 56) , if TBI was performed during childhood. Chemotherapy exposure alone does not seem to affect uterine or endometrial function.
Because of the high risk of premature ovarian failure and infertility, it should be the standard of care to discuss fertility preservation options with women requiring HSCT. If there is sufficient time before treatment, embryo or oocyte cryopreservation can be offered. Ovarian cryopreservation is the only choice to preserve fertility in pediatric patients, and in patients who cannot postpone their treatment.
Pelvic Irradiation
Pelvic/abdominal radiotherapy is a well-established cause of premature ovarian failure and infertility. Radiotherapy to the ovaries causes DNA damage of somatic and germ cells that is not amenable to repair (57) . Furthermore, the estimated lethal dose to destroy 50% of non-growing follicles present in the ovary is <2 Grays (58) . Gonadal damage occurs not only by direct exposure of the ovaries following total body, abdominal or pelvic irradiation, but also due to scattering radiation. Age, dose, extent, and type of radiotherapy are important prognostic indicators for development of ovarian failure. Single dose radiotherapy also seems to be more toxic than fractionated doses (59) . These patients can benefit from fertility preservation procedures before treatment including embryo cryopreservation, or alternatively oophoropexy may be considered, especially if an abdominal surgery is already necessary for the treatment of the primary disease.
Benign Ovarian Conditions Requiring Radical Surgery
Surgery on the ovary due to endometriosis or any other benign ovarian condition may diminish ovarian reserve and lead to premature ovarian failure. Ovarian reserve can be further compromised, either due to extensive or progressive disease, or because of bilateral occurrence and repeated surgery. Several studies reported a lower ovarian reserve after ovarian surgery, especially in patients with ovarian endometriomas, due to incidental excision of normal ovarian tissue during cystectomy or due to damage of healthy tissue by electrosurgical coagulation (60) (61) (62) . Therefore, fertility preservation procedures, such as embryo cryopreservation, should be considered before surgery in reproductive-age women at risk of ovarian failure.
Prophylactic Oophorectomy in BRCA-Mutation Carriers
Women with BRCA 1 and BRCA 2 mutations have a markedly higher cumulative lifetime risk of developing breast and ovarian cancer. While women with BRCA 1 mutation have an estimated 40% to 90% lifetime risk of breast cancer and a 10% to 40% lifetime risk of ovarian cancer, women with BRCA 2 mutations have an estimated 40% to 50% lifetime risk of breast cancer and a 10% to 20% lifetime risk of ovarian cancer (63) . Therefore, prophylactic oophorectomy is suggested as soon as childbearing is completed, or by the age 35 to 40 years depending on the family history, to decrease the risk of ovarian and breast cancer (64) .
Embryo cryopreservation can be offered for women in reproductive age with available partner or for women willing to use donor semen who wish to delay childbearing beyond the age of 35 to 40 years. Moreover, women with BRCA mutation may have lower ovarian reserve, requiring multiple cycles to increase the embryo yield and improve subsequent pregnancy chances (65, 66) . We have recently shown that serum anti-m€ ullerian hormone levels are lower in BRCA 1 mutation carriers compared to those who tested negative for those mutations. Furthermore, BRCA 1 mutant mice have smaller litter size and have fewer primordial follicles (66) . Moreover, women with BRCA mutations experience menopause earlier than those who tested negative (67) . These data leave little doubt that BRCA mutations are associated with diminished ovarian reserve.
The possibility of preimplantation genetic diagnosis during IVF treatment to avoid transmitting the mutation has to be discussed with the patient and is an added advantage of fertility preservation by embryo cryopreservation (21, 68) . However, use of preimplantation genetic diagnosis to select out BRCA carriers may not be a straightforward decision and may carry an emotional burden, as these mutations do not necessarily have lethal consequences.
Autoimmune and Hematological Diseases Requiring Gonadotoxic Therapy
Systemic lupus erythematosus (SLE) typically affects women in reproductive age, with an overall incidence between 40 and 250 per 100,000 people (69). Cyclophosphamide, with or without HSCT, is used in the treatment of severe manifestations of SLE, such as proliferative nephritis, affection of the central nervous system, pneumonitis, or severe thrombocytopenia (70) and can result in premature ovarian failure in rates of up to 50% in women younger than 30 years of age and 60% in women between 30 and 40 years of age (71) . As there is a concern that high levels of estrogen may worsen disease activity in women with SLE, aromatase inhibitors may be used in a manner similar to its use in estrogen sensitive cancers.
Other severe systemic autoimmune diseases may require imminent gonadotoxic treatment with alkylating agents. Examples are refractory glomerulonephritis, inflammatory bowel diseases, Wegener's granulomatosis, and pemphigus vulgaris (72) (73) (74) (75) .
CONCLUSIONS
Fertility preservation with embryo cryopreservation is a safe and effective option in women at risk of premature ovarian failure due to medical treatment and interventions. As predicting the likelihood of infertility following gonadotoxic treatments is extremely difficult and this likelihood can be affected by unforeseen factors, fertility counseling should be offered to all females with reproductive potential. In most cases, ovarian stimulation protocols using GnRH antagonists and GnRH agonists for trigger should be preferred in fertility preservation cycles because of time limitations and to reduce the risk of OHSS. Patients with estrogen positive receptor cancers can benefit from specific protocols of ovarian stimulation with aromatase inhibitors. Mental Health Professional should be included in a team approach to fertility preservation. Reproductive Endocrinologists should be able to communicate and coordinate with oncologists and other medical specialists who are involved in the care of these young females considering fertility preservation to optimize the care and maximize safety.
